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The One-Drop-Filling (ODF) process for manufacturing 
liquid crystal cells can lead to alignment defects called 
ODF mura. We propose a theoretical model for the 
coalescence of droplets and elastic/inelastic deformation 
to the director structure during ODF to provide insight into 
the formation of ODF mura. 
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/LTXLGFU\VWDOGHYLFHVDUHXELTXLWRXVLQPRGHUQGD\OLIH
DQG IDVWHU DQG PRUH DFFXUDWH PDQXIDFWXUH RI WKHVH
GHYLFHVLVUHTXLUHGWRPHHWLQFUHDVLQJJOREDOGHPDQG7KH
RSWLPLVDWLRQ RI WKH PDQXIDFWXULQJ SURFHVV JHQHUDOO\
LQYROYHV DWWHPSWLQJ WR UHGXFH PDQXIDFWXULQJ WLPH E\
LQFUHDVLQJ IORZ YHORFLWLHV DQG ILOOLQJ VSHHGV +RZHYHU
LPSOHPHQWLQJ VXFK FKDQJHV UXQV WKH ULVN RI FDXVLQJ
HODVWLFLQHODVWLFGHIRUPDWLRQWRWKHGLUHFWRUVWUXFWXUHZKLFK
LVFUXFLDOWRWKHGLVSOD\
$ FRPPRQ PHWKRG RI ILOOLQJ WKH OLTXLG FU\VWDO OD\HU LQ
OLTXLG FU\VWDO GHYLFHV /&'V XVHG E\ GLVSOD\
PDQXIDFWXUHUVLVWKH2QH'URS)LOOLQJ2')PHWKRGVHH
IRU H[DPSOH >@ DQG >@ ,Q WKH ILUVW VWDJH RI WKH 2')
SURFHVVDERWWRPVXEVWUDWH LVFRDWHGZLWKDQDOLJQPHQW








WR ILOO OLTXLGFU\VWDOFHOOVXVHG LQ/&'V LW LVNQRZQWKDW LW




GURSOHW 2') WHVW FHOO ,Q SDUWLFXODU )LJ  VKRZV QRQ
XQLIRUPLW\ZLWKLQWKHWHVWFHOO6SHFLILFDOO\WKHUHDUHWKUHH
OLQHDU UHJLRQV RI QRQXQLIRUPLW\ EHWZHHQ WKH RULJLQV RI
HDFK GURSOHW LQGLFDWHG ZLWK WKH KDQGGUDZQ FLUFOHV LQ
)LJOFUHDWLQJDQLQYHUWHG³<VKDSH´LQWKHFHQWUHRIWKH
FHOODQGDUDGLDOQRQXQLIRUPLW\DZD\IURPWKHFHQWUHRIWKH
FHOO )RUPDQ\/&' PRGHV WKH 2')PXUD PD\ UHFRYHU
RYHU WLPH EXW IRU WKH 3RO\PHU 6WDELOLVHG 9HUWLFDOO\
$OLJQHG 369$ PRGH >@ DQ\ HODVWLFLQHODVWLF
GHIRUPDWLRQ WRWKHGLUHFWRUVWUXFWXUH LV³ORFNHG LQ´DIWHU
89FXULQJRI WKH UHDFWLYHPHVRJHQPDWHULDO6LQFH WKH
FDXVH RI 2') PXUD LV VWLOO QRW XQGHUVWRRG ZH DLP WR























WKH UDGLXV r(t)RI WKHGURSOHW7KH WRSVXEVWUDWHPRYHV
ZLWKDFRQVWDQWGRZQZDUGVSHHGSpVWDUWLQJDWVRPH
LQLWLDOKHLJKWH0DW t=0VR WKDW WKHSRVLWLRQRI WKH WRS
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LQWKHGURSOHWVKDSHGXHWRVXUIDFHWHQVLRQLVPXFKORQJHU
WKDQ WKDW RI VTXHH]LQJ DQG VR WKH HIIHFWV RI VXUIDFH
WHQVLRQ FDQ EH QHJOHFWHG 7KLV DVVXPSWLRQ DOORZV WKH
FDOFXODWLRQRIWKHVSUHDGLQJEHKDYLRXURIPXOWLSOHGURSOHWV
WR EH GHWHUPLQHG E\ JHRPHWULFDO PHWKRGV XVLQJ
FRQVHUYDWLRQRIYROXPH
,Q SULQFLSOH DQ\ DUUDQJHPHQW RI GURSOHWV FDQ EH
FRQVLGHUHGEXWIRUEUHYLW\KHUHZHMXVWFRQVLGHUDQLQLWLDO
DUUDQJHPHQWRIWKUHHLGHQWLFDOGURSOHWVZLWKLQLWLDOUDGLLr(0)












,QLWLDOO\ WKH GURSOHWV DUH QRW WRXFKLQJ DQG VR HDFK
EHKDYHV OLNH D VLQJOH LVRODWHG GURSOHW $ VLQJOH LVRODWHG
GURSOHW KDV FRQVWDQW YROXPH V=h(t)A(t) DQG FURVV
VHFWLRQDO DUHD A(t)=かr(t)2 DQG WKHUHIRUH UDGLXV





DV t詑H0/Sp ,Q SUDFWLFH RI FRXUVH WKH VTXHH]LQJ LV







LPSOLFLW HTXDWLRQ IRU WKH GURSOHW UDGLXV r(t) GXULQJ WKH
SDUWLDOO\FRDOHVFHGSKDVHFDQEHGHWHUPLQHGDQDO\WLFDOO\
(YHQWXDOO\DWDODWHUWLPH t=tfZKHUHtc < tf < tmaxWKH
FHQWUDOJDSEHWZHHQWKHGURSOHWVFORVHVXSHQWLUHO\DQG
WKH GURSOHWV HQWHU WKH IXOO\ FRDOHVFHG SKDVH VKRZQ LQ
)LJD ERWWRP $Q LPSOLFLW HTXDWLRQ IRU WKH GURSOHW
UDGLXVr(t)GXULQJWKHIXOO\FRDOHVFHGSKDVHFDQDJDLQEH
GHWHUPLQHG DQDO\WLFDOO\ $V LQ WKH LQLWLDO SKDVH LQ WKH
SDUWLDOO\DQGIXOO\FRDOHVFHGSKDVHVWKHUDGLDOVSHHGRI
WKH ERXQGDU\ RI WKH GURSOHWV FDQ EH REWDLQHG E\
GLIIHUHQWLDWLRQ
7KHUDGLDOVSHHGRIWKHERXQGDU\RIWKHGURSOHWV܎(t)LV
SORWWHG DV D IXQFWLRQ RI WLPH t LQ )LJ  IRU WKH 2')
SDUDPHWHUYDOXHVVKRZQLQ7DEOH)LJVKRZVWKDWLQ
DOO WKUHHFRDOHVFHQFHSKDVHV܎(t) LQFUHDVHVDVWKHJDS
EHWZHHQ WKH VXEVWUDWHV GHFUHDVHV :H FDQ DOVR
GHWHUPLQH WKH UDGLDO VSHHG RI WKH FRUQHUV IRUPHG
EHWZHHQWKHGURSOHWVLQWKHSDUWLDOO\DQGIXOO\FRDOHVFHG























DQG WKH IDFW WKDW WKH SUHVHQW PRGHO SUHGLFWV WKDW WKH
FRUQHUVSHHGۀ(t) LV ODUJHUWKDQ WKHUDGLDOVSHHGRIWKH
GURSOHWERXQGDU\܎(t)ZHK\SRWKHVLVHWKDWWKHIRUPDWLRQ
RI 2') PXUD LV DVVRFLDWHG ZLWK HODVWLFLQHODVWLF
GHIRUPDWLRQ WR WKH GLUHFWRU VWUXFWXUH  FDXVHG E\ WKH
)LJ7KHWKUHHSKDVHVRIFRDOHVFHQFHRIWKUHH
LGHQWLFDOGURSOHWVWRSOHIWLQLWLDOSKDVH0  t  tc
WRSULJKWSDUWLDOO\FRDOHVFHGSKDVHtc < t  tfDQG
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GURSOHW ERXQGDU\ DGYDQFLQJ DFURVV WKH DOLJQPHQW OD\HU
:HWKHUHIRUHXVHWKHYDOXHRI܎(t)SUHGLFWHGE\RXUPRGHO
WRHVWLPDWHWKHHODVWLFLQHODVWLFGHIRUPDWLRQWRWKHGLUHFWRU
VWUXFWXUH FDXVHGE\ WKHVSUHDGLQJ GURSOHWV6SHFLILFDOO\
WKHHODVWLFLQHODVWLFGHIRUPDWLRQWRWKHGLUHFWRUVWUXFWXUHDW
DQ\SRLQWLVDVVXPHGWREHSURSRUWLRQDOWRWKHUDGLDOVSHHG




WKH IRUPDWLRQ RI 2') PXUD 7KH HODVWLFLQHODVWLF
GHIRUPDWLRQ WR WKHGLUHFWRUVWUXFWXUH IRU WKUHHGURSOHWV LV
VKRZQ LQ)LJ IRU WKH2')SDUDPHWHUYDOXHVVKRZQ LQ
7DEOHZKHUHGHFUHDVLQJJUH\VFDOHVKRZVLQFUHDVLQJ"܎(t)
LHLQFUHDVLQJHODVWLFLQHODVWLFGHIRUPDWLRQWRWKHGLUHFWRU
VWUXFWXUH ,Q SDUWLFXODU )LJO VKRZV LQFUHDVLQJ
HODVWLFLQHODVWLF GHIRUPDWLRQ WR WKH GLUHFWRU VWUXFWXUH
WRZDUGV WKH RXWHU HGJHV 7KH WKHRUHWLFDO SUHGLFWLRQ RI














WKH IRUPDWLRQ RI 2') PXUD GXH WR HODVWLFLQHODVWLF
GHIRUPDWLRQWRWKHGLUHFWRUVWUXFWXUHFDXVHGE\WKHGURSOHW
ERXQGDU\DGYDQFLQJRYHU WKHDOLJQPHQW OD\HU+RZHYHU
RWKHU PHFKDQLVPV IRU 2') PXUD VXFK DV FRORXU ILOWHU
VWUXFWXUHVDQGOLTXLGFU\VWDOSURSHUWLHV>@KDYHDOVREHHQ
VXJJHVWHG DQG VR IXUWKHU WKHRUHWLFDO DQG H[SHULPHQWDO
LQYHVWLJDWLRQVRIWKLVSRWHQWLDOO\PXOWLIDFHWHGSUREOHPDUH
VWLOO UHTXLUHG ,W VKRXOG EH QRWHG WKDW WKLV ZRUN XVHV D
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0+ /HH .8 -HRQJ 6 + /HH ³3RO\PHU
VWDELOL]HG YHUWLFDO DOLJQPHQW OLTXLG FU\VWDO GLVSOD\
HIIHFW RI PRQRPHU VWUXFWXUHV DQG WKHLU VWDELOL]LQJ




UHVROXWLRQ PRELOH WKLQ ILOP WUDQVLVWRU OLTXLG &U\VWDO
GLVSOD\V´ 6,' 'LJHVW 9RO  1R  SS ±

>@ '&URZG\DQG+.DQJ³6TXHH]HIORZRIPXOWLSO\
FRQQHFWHG IOXLG GRPDLQV LQ D +HOH6KDZ FHOO´
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